dyspnoea, whereas with quiet, eupnoeic breathing the inspiratory impulses remain asynchronous.8'9 Synchronization does not appear even with strongest reflex tonus of inspiratory muscles and therefore seems to depend on some kind of centrally induced, spontaneous activity.'0"' Its central origin is also demonstrated by the dependence of the frequency of the synchronized efferent volleys on central temperature5 and by direct recording of a similar rhythmic activity from the caudal part of nucleus ambiguus.' The latter findings, however, do not provide any further evidence concerning localization of the source of synchronized activity because they are merely concerned with the outflow at the motoneuronic level of the vagus and particularly the inferior laryngeal nerve.
Synchronization of inspiratory neurons seems to occur simultaneously in the various motor nuclei of inspiratory muscles. This was shown for one phrenic nerve and the opposite side of the diaphragm7 and may also be deduced from comparison between one phrenic nerve and the ipsilateral or contralateral vagus or inferior laryngeal nerve.8 Experimental data, however, were obtained from records taken at a relatively low speed and with asymmetrical amplifiers, and may therefore not allow definite conclusions to be drawn concerning identity of frequency and phase relation prevailing between the synchronized activity of different and widely separate pools of inspiratory motoneurons. Since the problem is of great importance with regard to further study of the spontaneous activity of inspiratory centres, the present investigations were undertaken in order to provide more reliable experimental evidence as to the existence of a common pace-making mechanism responsible for synchronized inspiratory innervation in phrenic and vagal outflow. Twenty-eight rabbits were used anesthetized with Urethane (1,0 g per kg. body weight) given per rectutmn as a 25 per cent solution. All animals were tracheotomized and vagotomized bilaterally. They were subjected to artificial respiration"2 in those cases in which the chest was opened or both phrenic nerves were cut, or in which hyperventilation was necessary in order to induce apnoea; all the other animals breathed spontaneously.
One or both phrenic nerves were prepared low in the neck. The main branch was freed from brachial plexus, severed distally, and drawn into a small tubular electrode of 2 mm. inner diameter, 8 mm. length, and containing two chlorinated silver rings at 3 mm. inter-electrode distance. One or both vagus nerves were prepared high in the neck and sectioned at 20 mm. central length. This central stump was introduced into a wide ampullaceous glass electrode of 4 mm. inner diameter, 25 mm. length, in which two axial silver rings were fixed at 15 mm. inter-electrode distance. The nerve was thus kept free from contact with the inner wall of the electrode, and action currents could be recorded at maximum amplitude. The three or four electrodes were carefully closed and insulated at the distal end, adequately placed in the depth of the neck and completely covered by attaching the skin from both sides over the midline. This procedure ensured high consistency of recordings and proved to be as satisfactory as the common mineral oil technique. 
RESULTS
In all 10 experiments (see Table 1 ), in which the action currents of the two phrenic nerves were compared, synchronization was found to be perfectly "in phase" between the two sides. This is illustrated in the three examples of Figure 1 . In spite of some difference in shape between the corresponding synchronized volleys, the latter coincide with their maximum (Fig. 2) . But in all experiments in which synchronized inspiratory activity was found to develop in the efferent vagus nerve, the vagal response appeared to be as perfectly "in phase" with that of the phrenic as synchronization is "in phase" between the two phrenics. Three examples are represented in Figure  3 . Even a few synchronized volleys, when appearing within the vagal efferents, tally with corresponding volleys of the phrenic (Fig. 3 Ar, Al). The rarer event (5 out of 46 vagi in 4 out of 28 experiments) of a marked synchronization of vagal inspiratory activity is shown in Figure 3 B, C, together with the corresponding synchronization in the phrenic.
Direct comparison of the synchronized activity of the two efferent vagus nerves was only possible in 3 out of 10 cases (see Table 1 ), as illustrated in Figure 4 B, C, D. As a rule, synchronization was present or stronger in one vagus and absent, or much less conspicuous, in the other. But whenever synchronized volleys appeared on both sides, they corresponded with regard to frequency and phase.
In the phrenic as well as in the efferent vagus, synchronization was found to develop most easily during the first half of the inspiration period. Immediate onset of dyspnoea appeared to be essential for producing highgrade synchronization. It was obtained best either by sudden collapse of the lungs and stopping of artificial respiration on the animal with the chest opened, or by admitting high (20 to 40%) concentration of carbon dioxide in oxygen to the spontaneously breathing animal. Synchronization then attained its highest degree during the first five to ten breaths but subsided slowly with continuation of the dyspnoeic state, without, however, disappearing completely. Maximum synchronization, therefore, could not be obtained with slowly developing dyspnoea, i.e., with rebreathing, or with breathing low (4 to 6) per cent carbon dioxide. Rapid and complete recovery from synchronization was achieved by hyperventilation, and this was always necessary as a preliminary procedure in order to induce optimum synchronization again and again.
The frequency values for inspiratory synchronization as observed in these experiments are represented in Table 1 Because of the fact, firmly established by the results reported here, that whenever synchronization takes place, the synchronized volleys appear simultaneously from widely separate inspiratory motoneurons, a common pace-making mechanism must be admitted. A direct interaction between motoneurons of different nuclei should not be taken into account, neither for the phrenic motoneurons of the two sides, nor for the phrenic and vagal inspiratory, ambiguus motoneurons, nor for those of the ambiguus nuclei of the two sides. The assumption of a common interneuronic centre, located at a higher, bulbar or suprabulbar level, would certainly provide a more adequate working hypothesis. \Vhether such a "synchronizing" centre constitutes an essential part of the bulbo-pontine respiratory centre, or whether synchronization depends more directly on higher control, requires further investigation.
SUMMARY
Rabbits anesthetized with urethane were subjected to sudden dyspnoea in order to study synchronization of inspiratory action currents in phrenic and efferent vagus nerves.
In the phrenic, synchronization was obtained in all but one of the 28 experiments, whereas in the efferent vagus it was more or less developed in 7 out of the 28 experiments.
WVhenever synchronization was observed it appeared to be perfectly "in phase," i.e., the synchronized volleys occurred simultaneously, not only in the phrenics of the two sides, but also when synchronized activity was compared between one phrenic and one efferent vagus nerve, as well as between the two vagi.
The conclusion is drawn that synchronization of inspiratory motoneurons must depend on a common central mechanism of bulbar or suprabulbar origin.
Conditions for obtaining optimum synchronization are briefly discussed.
